Aims. We present optical long-slit spectra of the Virgo dwarf elliptical galaxy VCC 510 at high spectral (σ ∼ 30 km/s) and spatial resolution. The principal aim is to unravel its kinematical and stellar population properties. Methods. Heliocentric velocities and velocity dispersions as functions of galaxy radius are derived by deconvolving line-of-sight velocity distributions. The luminosity-weighted stellar population parameters age and element abundances are obtained by comparison of Lick absorption-line indices with stellar population models. Results. A maximum rotation v rot = 8 ± 2.5 km/s inside half the effective radius (r e ≈ 20 ′′ ) and a mean, radially flat velocity dispersion σ = 44 ± 5 km/s are measured. The core extending over the inner 2 ′′ (∼ 140 pc) is found to rotate in the opposite sense with v core rot ≈ −1/2 v rot . VCC 510 (M B ∼ −15.7) is therefore by far the faintest and smallest galaxy with a counter-rotating core known. From the main body rotation and the velocity dispersion profile we deduce that VCC 510 is anisotropic and clearly not entirely supported by rotation. We derive an old luminosity-weighted age (10 ± 3 Gyr) and sub-solar metallicity ([Z/H] = −0.4 ± 0.1) inside the effective radius. There is tentative evidence that the counter-rotating core might be younger and less α/Fe enhanced. From the stellar population parameters we obtain a total stellar massto-light ratio of ∼ 3.6 (M/L B ) ⊙ which is significantly lower than a rough dynamical estimate obtained from the kinematics through the virial theorem (∼ 15). This discrepancy hints toward the possible presence of dark matter in the centre of VCC 510. Conclusions. We discuss the origin of the counter-rotating core and exclude fly-by encounters as a viable possibility. Gas accretion or galaxy merging provide more likely explanations. VCC 510 is therefore the direct observational evidence that such processes do occur in cluster satellite galaxies on dwarf galaxy scales.
Introduction
Counter-rotating cores are found in a considerable fraction of giant early-type galaxies (Bender 1988; Franx & Illingworth 1988; Jedrzejewski & Schechter 1988; Bender & Surma 1992; Bertin et al. 1994; Mehlert et al. 1998; Wernli et al. 2002; Emsellem et al. 2004) . Objects with this kinematic peculiarity constitute a subclass of an even more common group of galaxies hosting so-called kinematically decoupled components (KDCs). First discovered by Efstathiou et al. (1982) , the latter are cores that rotate at different speed from the main body of the galaxy. Their formation, and in particular the formation of counter-rotating cores, is best understood in a merging scenario, hence their presence is considered to be very direct evidence that merging plays a rôle in the formation of giant earlytype galaxies (Kormendy 1984; Balcells & Quinn 1990) .
Since its discovery in the late 80's, this interesting kinematical feature has been restricted to massive, luminous galaxies.
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For our understanding of galaxy formation, it is certainly of great interest to know whether this limitation is of pure observational nature and whether merger remnants with these kinematical fingerprints exist also on smaller galaxy scales. A first hint that this might be the case comes from recent observations by Geha et al. (2005) , who found a counter-rotating core in the low-luminosity elliptical NGC 770, being the faintest galaxy (M B ∼ −18) with this kinematical feature known at that time (see also Prugniel et al. 2005) .
First evidence that the presence of kinematical peculiarities in galaxy centres extends even further down to dwarf galaxy scales is provided by De Rijcke et al. (2004) . The authors have detected kinematic decoupling in the centres of two dwarf elliptical galaxies, where in both cases a pronounced bump in the rotation velocity profile at a radius of 1 ′′ (∼ 200 pc) is found. The cores of these objects rotate in the same sense and with similar velocities as the main body. De Rijcke et al. (2004) argue that this feature is best understood in a harassment scenario ′′ corresponds roughly to 70 pc assuming 14.6 Mpc for the distance of the Virgo cluster (Freedman et al. 2001) .
and is most likely caused by fly-by interaction with the nearby massive galaxy.
In this paper we report on the detection of a counterrotating core in a dwarf elliptical galaxy. We present the kinematics of VCC 510, a nucleated dwarf elliptical of the Virgo cluster (Binggeli et al. 1985; Binggeli & Cameron 1991 , 1993 with moderate flattening (ǫ = 0.18), a total blue luminosity of M B ∼ −15.7, and an effective radius of r e = 20 ′′ ∼ 1.4 kpc. We assume 14.6 ± 0.04 Mpc for the distance to the Virgo cluster (Freedman et al. 2001) . Being more than two magnitudes fainter than NGC 770, VCC 510 is by far the smallest galaxy known with a counter-rotating core.
Observations and data analysis
The observations were performed at the 3.5m telescope (TWIN spectrograph) of the Calar Alto Observatory (Spain) in April 2003. A long-slit (1.8 ′′ width) was placed at the centre of VCC 510 aligned along the major axis, yielding a wavelength coverage 4650 < ∼ λ/Å < ∼ 5600 at relatively high instrumental resolution (σ inst ∼ 30 km/s). A total exposure time of 5.5 hours yielded a signal-to-noise ratio (Å −1 ) of 30 for fine and 40 for coarse radial binning (see Fig. 1 ) inside r e , with a seeing of about 2 ′′ . We also observed 20 standard stars serving as templates for both the kinematic analysis and the calibration of Lick absorption-line measurements (see below). VCC 510 is one of the 35 dwarf early-type galaxies mostly from the Virgo cluster we have observed over the past 10 years. The complete sample will be presented in a future paper, full details about data reduction will be given there. In the following we briefly summarise the essentials.
The standard CCD data reduction (bias & dark subtraction, flat fielding, wavelength calibration, and sky subtraction) was carried out under the image processing package MIDAS provided by ESO. Line-of-sight-velocity-distributions were determined by using the Fourier-Correlation-Quotient (FCQ) method from Bender (1990) , with which we derived heliocentric velocities and velocity dispersions (Bender et al. 1994 ). We measured the Lick absorption-line indices Hβ, Mg b, Fe5270, and Fe5335 (Worthey et al. 1994) . For this purpose, the spectra were degraded to Lick resolution, and the intrinsic velocity broadening, even though almost negligible in case of dwarf galaxies, was taken into account. The measurements are calibrated onto the Lick system by means of the 20 Lick standard stars observed. For both kinematics and line indices, statistical errors were derived from Monte Carlo simulations.
Results

Kinematics
The rotation curve and the radial velocity dispersion profile of VCC 510 are shown in Fig. 1 for coarse (left-hand panel) and fine (right-hand panel) radial binning. In both cases, but in particular for the fine binning, the counter-rotating core is clearly visible. The core region inside 2 ′′ (∼ 140 pc) is rotating with about 4 km/s in a sense opposite to the main body rotation. We are confident that this feature is real, as it is robust against variations of the radial binning as shown in Fig. 1 . Note also that the rotation velocity of the core should be regarded as a lower limit, because the moderate seeing of the present observations contributes to a dilution of the signal. The maximum rotation velocity of the galaxy (at ∼ 6 ′′ ) is v rot = 8 ± 2.5 km/s. The velocity dispersion of VCC 510 is σ = 44 ± 5 km/s and reveals no radial dependence inside r e , which is a typical characteristic for dwarf elliptical galaxies (Bender & Nieto 1990; Bender et al. 1991; Geha et al. 2003 ). The resulting rel- ′′ (open circle). Stellar population models (Thomas et al. 2003) for various ages, metallicities, and α/Fe ratios (see labels) are over-plotted. In the left-hand panel α/Fe is fixed to solar, in the right-hand panel age is fixed to 10 Gyr. For the definition of the indices see Thomas et al. (2003) . 
20 0.18 858 ± 1 8.0 ± 2.5 ∼ −1/2 v rot 44 ± 5 0.18 ± 0.06 4.5 ± 0.5 15 ± 2 atively low v/σ = 0.18 ± 0.06 at the ellipticity ǫ = 0.18 shows that VCC 510 is supported by anisotropic velocity dispersion (Binney 2005; Burkert & Naab 2005) . A significant increase of v rot beyond r e , as found by Simien & Prugniel (2002) for NGC 205, cannot be excluded, but seems unlikely. Fig. 1 indicates even a slight decrease of the rotation velocity at the outermost point. Finally, following the recipe of Binney & Tremaine (1987) , we obtain the virial mass M vir = 4.5 ± 0.5 × 10 9 M ⊙ , which can be considered a rough estimate of the total dynamical mass. This leads to a relatively high dynamical B-band mass-to-light ratio of 15 ± 2 (M/L B ) ⊙ . The results are summarised in Table 1 .
Stellar populations
In Fig. 2 we show the Lick absorption-line indices measured for three radial bins and confront them with stellar population models of various ages, metallicities, and α/Fe ratios as indicated by the labels (Thomas et al. 2003) . Using the method explained in detail in Thomas et al. (2005) , we derive the following global (within 5 ′′ ) luminosity-weighted stellar population parameters: age t ≈ 10.3 ± 2.8 Gyr, metallicity [Z/H] = −0.4 ± 0.13, and abundance ratio [α/Fe] = 0.07 ± 0.08 dex. Most importantly in the context of this letter, the counter-rotating core does not show any clear peculiarity in the stellar population properties within the measurement errors, in particular no obvious sign of recent star formation. This seems indeed to be a quite common characteristic for counter-rotating cores in elliptical galaxies (Surma & Bender 1995; Mehlert et al. 1998; Davies et al. 2001; Morelli et al. 2004 ).
However, a closer look at the figure suggests that the stellar populations at the radius of the counter-rotating core (square) might be somewhat younger by about 2 Gyr, and less alpha/Fe enhanced by ∼ 0.2 dex. But, given the measurement errors, this result can be considered indicative at best. Assuming the core contributes about 10 -30 per cent in mass (enough to produce counter-rotating cores, see Surma & Bender 1995) , this slight rejuvenation in the core region would imply the presence of a young component with age t ∼ 4 -6 Gyr, corresponding to formation redshifts of z ∼ 0.5 -0.8.
Based on the stellar population models of Maraston (2005) , the global mean age and metallicity derived above translate into the stellar mass-to-light ratio (M/L B ) * = 3.6 ± 0.7 (M/L B ) ⊙ assuming a Kroupa initial mass function (Salpeter increases the M/L by a factor ∼ 1.6). This value is significantly smaller than the dynamical estimate presented above. Unless the simple recipe used here over-estimates the mass by more than a factor 3, this indicates that dark matter might be present in the centre of VCC 510. Sophisticated modelling based on more observational data is certainly needed for a detailed assessment.
Discussion and Conclusion
Given the evidence presented here, there is no doubt that VCC 510 contains a counter-rotating core. The challenge is now to understand (and model) the origin of this kinematic peculiarity. It is widely accepted that galaxy mergers are the key process to form kinematically decoupled cores in massive galaxies (see Introduction and references therein). Is this scenario valid also for dwarfs?
De Rijcke et al. (2004) argue that mergers between small galaxies are generally unlikely. In a dense environment velocities are too high, and in looser environments densities are too low. They suggest an alternative explanation, according to which the internal kinematics of a dwarf galaxy are modified by fly-by encounters with a massive companion. Developing a simple analytical description, they estimate that this harassment process can produce a kinematic decoupling in the centres of dwarf ellipticals, as long as impact parameters of the interaction are not larger than ∼ 20 kpc.
While it might indeed be plausible that fly-by interaction affects internal kinematics leading to perturbations of the inner core as found in De Rijcke et al. (2004) , it seems highly unlikely that the sense of rotation can be completely reversed by this mechanism. Adapting Eqn. 7 of De Rijcke et al. (2004), we find no sensible combination of parameters (velocity dispersion in Virgo ∼ 600 km/s; companion mass around 10 11 M ⊙ ; impact parameter > ∼ 20 kpc) that would affect the rotation velocity significantly enough to explain the present observations. Geha et al. (2005) come to the same conclusion for the lowmass elliptical NGC 770.
A galaxy merger or gas accretion are the alternatives. According to the commonly accepted scenario, a dissipationless, unequal-mass merger can produce a kinematically decoupled core (Kormendy 1984; Balcells & Quinn 1990) , under the premise that the nucleus of the accreted galaxy is denser. This is plausible for giants, as surface brightness indeed increases with decreasing galaxy mass, but is a bit problematic for dwarfs, where the opposite relation is observed (e.g., Kormendy 1985) . More compelling might be a dissipational merger or gas accretion accompanied by star formation. The counter-rotating core of NGC 4365, for instance, has formed most probably through such a process, as it is found to have disc-like structure, low kinematic temperatures and a significantly flattened density distribution (Surma & Bender 1995) .
The latter scenario gets support from the indication that the counter-rotating core might have experienced recent star formation as discussed in Section 3.2. In this case, the core should exhibit a disc-like structure. Clearly, photometry and spectroscopy at much higher spatial resolution than presented here are needed to verify the presence of such a cold component in the centre.
Mergers between dwarfs, on the other hand, are quite unlikely in clusters given their low cross-section and the high relative velocities. Based on N-body simulations by Makino & Hut (1997) and adopting the dwarf galaxy surface density of Virgo from Phillipps et al. (1998) , we estimate that only 1 out of ∼ 400 dwarf ellipticals in the Virgo cluster should have experienced a merger over a Hubble time.
VCC 510 is the direct evidence that gas accretion or mergers between satellites do occur on dwarf galaxy scales. They might be important for galaxy formation modelling (Menci et al. 2002) , and it needs to be assessed in future how common this phenomenon really is.
